The clinical value of 21-gene recurrence score (RS) in various breast cancer histologic subtypes is not well established.
INTRODUCTION
Breast cancer comprises a heterogeneous cohort of tumors including several histologic subtypes. In patients with hormonereceptor-positive disease, approximately 80% of cases are invasive ductal carcinoma not otherwise specified (IDC NOS) and 15% are invasive lobular carcinoma (ILC). ILC has favorable prognostic factors including higher hormone receptorpositive, lower tumor grade as well as lower proliferation rates than IDC (Pestalozzi et al., 2008; Rakha et al., 2008a,b; Rakha and Ellis, 2010; Loibl et al., 2014) . However, longterm results indicated that the ILC had poor outcomes compared to IDC NOS subtype (Rakha and Ellis, 2010; Loibl et al., 2014) . The other special histologic subtypes are rare and show variation in their prognosis and response to treatment. Mucinous, papillary and tubular carcinomas are known to have an extremely favorable prognosis with significantly lower recurrence rates compared with IDC NOS and ILC subtypes (Page, 2003; Li et al., 2005; Pestalozzi et al., 2008; Yerushalmi et al., 2009; Weigelt et al., 2010; Lakhani et al., 2012; Nagao et al., 2012) . Since there are currently no prospective studies of specific treatment decisions for the special histologic subtypes, optimal management strategies require further investigation.
The 21-gene Oncotype DX Breast Recurrence Score (RS) assay (Genomic Health, Redwood City, CA, United States) is a reverse-transcriptase polymerase chain reaction test which measures the expression of 16 breast cancer genes and 5 reference genes. A RS is then used to assign patients into one of three prognostic groups including low-risk (RS < 18), intermediaterisk or high-risk (RS > 30) (Paik, 2007; Wong et al., 2012) . This widely validated gene-expression profiles has been used to evaluate the probability of distant metastasis at 10 years and adjuvant chemotherapy decision-making in early-stage estrogen receptor (ER)-positive, node-negative invasive breast cancers (Paik et al., 2004 (Paik et al., , 2006 Mamounas et al., 2010; Petkov et al., 2016; Krop et al., 2017; Sparano et al., 2018) . However, those prospective and population-based studies did not distinguish results between the various histologic subtypes. Therefore, the clinical value of this assay in predicting outcomes of various subtypes is not well established. It is not clear whether the results from one subtype can be generalized to other subtypes. In this study, we investigated the distribution and outcomes of the 21-gene RS assay among various T1-T2N0 ER-positive breast cancer histologic subtypes using a population-based registry database.
MATERIALS AND METHODS

SEER Database and Patients
We analyzed breast cancer patients between 2004 and 2015 using the Surveillance, Epidemiology and End Results (SEER) program. The SEER dataset is maintained by the National Cancer Institute and consists of de-identified cancer incidence and survival data from 18 cancer registries across United States (Surveillance Epidemiology End Results [SEER], 2018). We included subtypes of node-negative and ER-positive disease where the tumor size was ≤ 5 cm (T1-2 stage) according to the International Classification of Diseases for Oncology, 3rd edition (Fritz et al., 2000) , and the results of 21-gene RS assay were available. We only included subtypes with >200 cases. Exclusion criteria were: unknown surgical procedure, no pathological diagnosis and unknown status of tumor grade. Using data from SEER was exempt from the approval process of Institutional Review Boards due to the de-identification of patients.
Variables
We extracted the following variables from the SEER dataset: age, race/ethnicity, tumor grade, histologic subtypes, tumor stage, progesterone receptor (PR) status, surgical procedure, radiotherapy, chemotherapy and 21-gene RS. The groups of 21-gene RS were defined as low-risk (RS < 18), intermediate-risk or high-risk (RS > 30) (Paik, 2007; Wong et al., 2012) . The primary survival outcome of this study was breast cancer-specific survival (BCSS).
Statistical Analysis
The relationships between the histologic subtypes, patient demographics, clinicopathological characteristics and treatment were compared with chi-squared or Fisher's exact probability tests. ANOVA was used to compare continuous variables. Kaplan-Meier curves were plotted and compared using the log-rank test in patients diagnosed between 2004 and 2012. The independent prognostic factors related to BCSS in patients diagnosed between 2004 and 2012 were analyzed using multivariate Cox proportional hazards models. All analyses were conducted with SPSS Statistical Software, version 22 (IBM Corporation, Armonk, NY, United States), and P-values of < 0.05 were considered statistically significant. IDC-L, mixed infiltrating duct and lobular carcinoma; IDC NOS, invasive ductal carcinoma not otherwise specified; PR, progesterone receptor; SD, standard deviation; T, tumor.
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RESULTS
We identified 83,665 patients in this study including 8 histologic subtypes. The most common histologic subtype was IDC NOS (n = 65,179; 77.9%) followed by lobular carcinoma (NOS; n = 9037; 10.8%), mixed infiltrating duct and lobular carcinoma (IDC-L; n = 6483; 7.7%), mucinous adenocarcinoma (n = 1760; 2.1%), tubular adenocarcinoma (n = 520; 0.6%), micropapillary ductal carcinoma (n = 272; 0.3%), cribriform carcinoma NOS (n = 207; 0.2%), and intraductal papillary adenocarcinoma with invasion (n = 207; 0.2%). The patient characteristics according to histologic subtypes are shown in (Figure 2) .
A total of 50,660 patients were diagnosed between 2004 and 2012 with a median follow-up period of 65 months (range, 0-143 months). Of these patients, 784 patients had died with breast cancer related disease. Patients with a higher RS were related to poor BCSS, the 5-years BCSS in patients with low-, intermediate-, and high-risk RS were 99.5, 98.6, and 95.2%, respectively (P < 0.001). In patients with IDC NOS, lobular carcinoma NOS, IDC-L, cribriform carcinoma NOS, tubular adenocarcinoma, mucinous adenocarcinoma, intraductal papillary adenocarcinoma with invasion and micropapillary ductal carcinoma, the 5-years BCSS was 98.8, 98.8, 98.9, 100, 100, 99.6, 100, and 100%, respectively (P = 0.011); and a total of 644, 73, 58, 2, 1, 6, 0, and 0 patients, respectively, died from breast cancer-related disease.
The results of the Kaplan-Meier curves are shown in Figure 3 . In patients with IDC NOS (P < 0.001) (Figure 3A) , lobular carcinoma NOS (P < 0.001) ( Figure 3B ) and IDC-L (P < 0.001) ( Figure 3C ), a higher RS was significantly associated with poor BCSS. However, the 21-gene RS was not related to BCSS in patients with cribriform carcinoma NOS (P = 0.745) (Figure 3D ), tubular adenocarcinoma (P = 0.794) (Figure 3E) , and mucinous adenocarcinoma (P = 0.686) ( Figure 3F) . The survival curves of intraductal papillary adenocarcinoma with invasion and micropapillary ductal carcinoma subtypes could not be applied because no patients died during follow-up.
When adjusted for age, race/ethnicity, grade, tumor stage, PR status, surgical procedure, radiotherapy, and chemotherapy, a higher RS was independently related to poor BCSS in patients with IDC NOS [hazard ratio (HR) 2.159, 95% confidence interval (CI) 1.925-2.420, P < 0.001], lobular carcinoma NOS (HR 2.139, 95% CI 1.480-3.093, P < 0.001) and IDC-L (HR 3.164, 95% CI 2.097-4.776, P < 0.001) ( Table 2) . Due to the low number of breast cancer-specific deaths, we did not perform multivariate prognostic analysis of the remaining five histologic subtypes.
DISCUSSION
Most previous studies involving the 21-gene RS were from invasive breast carcinoma NOS or other subtypes dominated by invasive ductal carcinoma (Mamounas et al., 2010;  Albanell et al., 2016; Barcenas et al., 2017; Stemmer et al., 2017; Turashvili et al., 2017b; Sparano et al., 2018) . Our results also confirmed that approximately 95% of patients were of IDC and/or ILC subtypes, while the remaining 5% were special histologic subtypes, including cribriform, mucinous, tubular, and papillary carcinomas. Due to the rarity of these subtypes, little is known about the variability of the 21-gene RS results (Hou et al., 2017; Turashvili et al., 2017a) . Our results investigated the distribution and survival outcome of different histologic subtypes to determine the clinical practice of 21-gene RS in breast cancer, particularly for special histologic subtypes. Two recent studies with large cohorts have assessed the distribution of 21-gene RS in invasive breast carcinoma. One study with 610,350 patients (80.9% node-negative) from the Genomic Health Clinical Laboratory found that the mean RS in IDC NOS, lobular carcinoma NOS, IDC-L, mucinous, papillary, tubular, and cribriform carcinoma were similar to our study (Tadros et al., 2018) . The distribution of 21-gene RS by various histologic subtypes was also similar. Another population-based study from SEER with 45,618 patients also showed a similar distribution of RS in IDC, ILC, IDC-L, tubular, and mucinous carcinoma (Kizy et al., 2018) . However, this study differs from ours in two aspects: first, they did not include papillary and cribriform carcinoma; and secondly they included patients with tumor size >5 cm and whose disease was node-positive. This is in contrast to the recommendation for the 21-gene RS test in breast cancer, which is for patients with small tumors, node-negative, and ER-positive disease (Partin and Mamounas, 2011; Krop et al., 2017; Sparano et al., 2018) . In this study, we only included patients with T1-2N0 and ER-positive disease, which represents the current clinical practice. Our study added the current knowledge of the distribution of 21-gene RS in patients with special histologic subtypes.
The main finding of the current study was the significant diversity in the RS results of patients with different histologic subtypes. Our study used a large cohort of patients from a population-based registered database with standardized results of the 21-gene RS test. We found that mean RS results from special breast cancer histologic subtypes were lower than in patients with IDC, ILC and IDC-L subtypes. However, high RS were found in approximately 8% of patients with papillary or micropapillary subtype, which was comparable with IDC NOS but significantly higher than other subtypes, and similar to results from the Genomic Health Clinical Laboratory (Tadros et al., 2018) . This suggests that different breast cancer histologic subtypes may have biological diversity.
The 21-gene RS is related to risk of recurrence and administration of chemotherapy. However, there are few outcome data specific to histologic subtypes. Our populationbased study showed that a higher RS was related to poor BCSS in IDC NOS, lobular carcinoma NOS and IDC-L. In addition, a higher RS was related to a higher percentage of receiving chemotherapy. We also found the 21-gene RS may impact the decision-making of chemotherapy in patients with special histologic subtypes. However, the short follow-up time and the very low number of deaths for these special histologic subtypes limited our study to reach a definitive conclusion regarding to the outcomes by 21-gene RS groups. Our results raise the question of whether the results of the 21-gene RS are necessary for favorable breast cancer histologic subtypes.
ILC presents with a different pattern of invasion and recurrence compared to IDC NOS, and with a poor 10-years prognosis (Rakha and Ellis, 2010; Loibl et al., 2014) . Moreover, ILC has a higher probability of hormone receptor-positive status, a higher probability of lower tumor grade and lower proliferation rates than IDC (Pestalozzi et al., 2008; Rakha et al., 2008a,b; Rakha and Ellis, 2010; Loibl et al., 2014) . Therefore, the utility of the 21-gene RS test in ILC requires further investigation. A study by Conlon et al. (2015) found that RS played an important role in chemotherapy decision-making in ILC. Kizy et al. suggested that a high-risk RS was independently related to poor outcome compared to a low-risk RS. However, the adjuvant chemotherapy was not associated with a survival benefit in intermediate-or high-risk patients (Kizy et al., 2017) . Our study also confirmed that RS has prognostic value in ILC, but also affects chemotherapy decision-making for patients. A similar trend was seen in patients with IDC-L.
Until now, very few studies have investigated the clinical value of 21-gene RS in special histologic subtypes. One study on 57 patients with special subtypes (including tubular, mucinous, solid papillary and encapsulated papillary carcinoma) found that most were low-risk RS disease, and none had distant metastasis after a median follow-up of 40 months (Turashvili et al., 2017a) . In our study, approximately 30 and 70% of patients with intermediateand high-risk RS received chemotherapy, respectively. In the current clinical practice, histologic subtype is not an important indicator in the decision-making of chemotherapy for patients with different 21-gene RS groups. Several studies have shown that patients receiving chemotherapy have a direct increase in the risk of cognitive complaints and cardiovascular toxicity (Ganz et al., 2013; Guo and Wong, 2014) . Therefore, when there is significant heterogeneity within tumors of invasive breast cancer, the 21-gene RS test may be deferred. A multidisciplinary team should discuss whether to perform this test in special breast cancer histologic subtypes.
We acknowledge several limitations in our study. First, there are inherent biases in any retrospective analysis. Secondly, as the median follow-up period in our cohort was only 65 months, longer-term results are required to draw definitive conclusions on the use of 21-gene testing in prognosis and chemotherapy decision-making. In addition, although we included a large sample of patients from a cancer registry database, only a limited number of patients were classified as special histologic subtypes, which may have potential impact on statistical power when comparing the outcome of 21-gene RS groups in these cohorts. Finally, it has been indicated that there are many inaccuracies in the SEER data registry, with a high rate of under-recording chemotherapy administration (Noone et al., 2016) . Nevertheless, despite the short follow-up, the BCSS was close to 100% as expected.
CONCLUSION
In conclusion, our results demonstrate that there is a major difference in distribution of 21-gene RS among breast cancer histologic subtypes. Long-term studies with a larger series are needed to confirm the role of the 21-gene RS array in prognosis assessment and chemotherapy decision-making in special histologic subtypes with favorable prognosis.
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